The aim of this study was to evaluate the performance of a closed drainage system in one area of the Lower Seyhan river basin in Çukurova, Turkey by measuring spatial variations in soil characteristics. Seven parallel transects which had a 150 m length were selected at 5 m intervals within the study area, and 104 soil samples were collected and analysed for soil pH, electrical conductivity (EC), exchangeable sodium (Na) content and exchangeable sodium percentages (ESP). Results were subjected to inverse distance weighting (IDW) interpolation. EC, pH and ESP estimates obtained from IDW interpolation were compatible with the results of soil analysis. Cross validation was performed to determine the accuracy of the interpolation technique. Interpolation of EC values showed a high mean error in 120-150 cm depth (9.010%), which was attributed to poor drainage conditions. Minimum sample number, maximum sample number, maximum radius and power were found to have an influence on the accuracy of IDW interpolation. ESP, exchangeable Na, EC values were generally low for shallow soil horizons, with values increasing with increases in depth. Data sets were analyzed with two-way ANOVA (the factors were six pipe regions (1-6) and five soil depths (30, 60, 90, 120, 150 cm)) and means compared with Duncan's multiple range test. It was found that the efficiency of drainage pipe, in regions 1, 2, 3 and 4 can diminish rather than the other pipe regions.
Introduction
Site-specific management (SSM) has received considerable attention based on its potential to increase input efficiency, improve economic margins of crop production and reduce environmental risks (Redulla et al., 1996) . The analysis and interpretation of spatial variability of soils is a key element in site-specific farming.
Geostatistical methods can provide reliable estimates at unsampled locations (Kerry, Oliver, 2004) . Two of the most commonly used interpolation methods for SSM are IDW and kriging (Kravchenko, Bullock, 1999) . IDW has been used primarily because it is simple and quick, whereas kriging, although more complex and time-consuming, is considered to provide the best unbiased linear estimates. The literature contains numerous mathematical descriptions of both these methods (Weber, Englund, 1992; Hosseini et al., 1994; Gotway et al., 1996; Nalder, Wein, 1998; Kollias et al., 1999; Kravchenko, Bullock, 1999; Schloeder et al., 2001; Kravchenko, 2003; Panagopoulos et al., 2006; Lu, Wong, 2008; Wenjio et al., 2009. There have been many conflicting reports concerning the use of interpolation methods and their parameters. Whereas some studies have found the performance of kriging to be, in general, better than that of IDW (HHosseini et al., 1994; Kravchenko, Bullock, 1999) , others have reported IDW to be more accurate than kriging (Weber, Englund, 1992; Nalder, Wein, 1998) .
Cross validation is a common practice used to validate the accuracy of an interpolation (Voltz, Webster, 1990) and also is excellent scheme for solving the inconvenience of redundant data collection (Olea, 1999; Webster, Oliver, 2001 ). Cross validation is obtained by eliminating one observation from the data set, estimating the value at that location with the remaining data, and then computing the difference between the actual and observed values for the data location (Robinson, Metternicht, 2005) . This study conducted cross validation using the Pronet software program.
In view of the conflicting results reported by previous studies, this study aimed to identify the spatial variability of various soil parameters in the study area and to evaluate the accuracy of IDW interpolation in determining the values for these parameters due to poor sample points around study area. This would enable the identification of areas where remediation is required to improve crop growth, and land management process.
Materials and methods
Study area. This study was carried out in the Lower Seyhan river basin, an alluvial plain located in southern Turkey. The study area was comprised of 104 ha of irrigated agriculture land within a multi-directional drainage system (WGS84; 679312-681014 E, 4079399-4081100 N) (Fig. 1) . The climate of the study area is Mediterranean, with a mean average annual temperature of 19° and a total annual precipitation of 583 mm, according to the Turkish State Meteorological Service. Based on data from 1975-2008, the study area was classified according to Thornthwaite (1948) as a semiarid, mesothermal (B′3) marine climate with a large winter water surplus, a xeric soil-moisture regime and a mesic temperature regime. Soil in the Lower Seyhan river basin is formed from sediment conveyed from the Toros mountains to Tarsus by the Seyhan river, resulting in heavily stratified sedimentation. The upper layer of soil in the study area was formed from alluvial material in the Quaternary age and consists mainly of clay, with some sand and silt. Despite poor slope and drainage characteristics, following the completion of a drainage system and land remediation in the early 1960s, a satisfactory level of plant cultivation was established (Kumova, Yarpuzlu, 1987) .
In the project area, drainage studies were started in 1963 and completed in 1988. The project area occupies 104 ha agricultural land. Four different drainage patterns were established in the project area. Drainage pipe diameters and pipe installation intervals were 5 cm -30 m, 8 cm -60 m, 10 cm -80 m and 15 cm -60 m, respectively. These drainage patterns were shown in Figure 2 . Drainage pipes consist of polyvinyl chloride (PVC), and are surrounded by a gravel envelope with design depth of 1.4 m. All of the drainage pipes were connected to main collector, which was established from north to south, and drainage waters were conveyed to major open drainage channel using this collector. During drainage system construction, twenty-five observation wells were established (Fig. 2) . During field observation in rainy seasons (November and December) some poundings and drainage problems were determined especially in the 5 cm -30 m drainage pipe interval pattern. The drainage system is also used as an irrigation system by the residents of Alifakı village, who graze their animals in the area (Tunçay, 2010) .
Seven parallel transects of 150 m in length were designated at 5 m intervals within the study area. In total, 104 soil samples were collected at different soil horizons from 24 different points (0, 50, 100 and 150 m in the 1 st , 3 rd , 5 th and 7 th transects; at 25, 75 and 125 m in the 2 nd and 6 th transects; and at 50 and 100 m in the 4 th transect). The coordinates of each sampling location were recorded using a differential global position system (DGPS).
Sampling design. The study area is located on the alluvial plain, and it is very well known that spatial variability of the soil properties change in short distance on alluvial soils. To determine spatial variability of the soil parameters (such as pH, EC, ESP, exchangeable Na content, etc.) and drainage efficiency, vertical and horizontal experimental design was selected for soil sampling (Fig. 2) . Soil pH, EC, exchangeable Na, ESP are important soil properties which have a devastating effect on soil productivity. Soil samples were analyzed for pH, EC and exchangeable Na content. These results were evaluated by inverse distance weighting (IDW) using the GemcomSurpac 3D software program. For each sample point, soil samples were taken to depth of 150 cm and used to produce five different soil layers depth (from 30 to 150 cm) maps for each property and parameter p (p; 2). The precision and performance of IDW are affected by the number of known samples used for estimation. In this study, the number of close sample locations was fixed at 24, and each soil sample point was evaluated at 4-5 soil horizons, depending upon soil classification. A total of 104 soil samples were collected at 24 soil samplings from each soil horizon at the study area.
Soil samples were gathered individually and packed into boxes, air dried, crushed and sieved (2 mm). Mixtures of 1:2 soil to pure water were prepared, and pH and EC were measured using a pH electrode. Exchangeable sodium percentages (ESP) analysis is a measure of exchangeable charges per unit of soil as expressed using NH 4 OAc and a pH of 7.0 (Thomas, 1982) . In this study, ESP was calculated using exchangeable Na values.
Spatial prediction methods. Interpolation techniques. IDW is commonly used to map soil properties in agricultural areas (Weber, Englund, 1992; Franzen, Peck, 1995; Gotway et al., 1996) , and the interpolation procedures are clearly explained in the literature (Laslett et al., 1987; Kravchenko, Bullock, 1999) . IDW is one of a number of local deterministic methods of interpolation that operates directly on the assumption that the value of an attribute at an unsampled location is that of a weighted average of the known data points within a local neighborhood surrounding the unsampled location (Burrough, McDonnell, 1998) . Estimated values are interpolated based on the data from surrounding locations using the formula:
(1),
where wi is the weight assigned to the value at each location Z (χ i ), n -the number of close neighboring sampled data points used for estimation.
Weights are established using the formula:
where d i is the distance between the estimated point and the sample point, p -an exponent parameter.
The choice of exponent value is known to significantly affect estimation quality (Isaaks, Srivastava, 1989; Weber, Englund, 1994) . Weighting is highly dependent upon p, with an increase in distance resulting in an exponential decrease in weighting. This study used a power of 2 and a skewness value of <1 in IDW (Agris, 1998) .
The process of determination drainage efficiency using statistical analysis. The Kolmogorov-Simirnov and Levene's statistic tests were applied to test normality and homogeneity of variance, respectively. Data sets were analyzed with two-way ANOVA (the factors were six pipe regions (1, 2, 3, 4, 5, 6 ) and five soil depths (30, 60, 90, 120, 150 cm) ) and means compared with Duncan's multiple range test. Variables were displayed as mean ± standard error of the mean (SEM). ANOVA was performed using Minitab 15 software and means were compared using the MSTAT package program for Duncan tests. The alpha level was set at 1%.
Results and discussion
Descriptive statistics result of the soil properties. The findings of soil analysis for the parameters pH, EC, exchangeable Na and ESP are summarized in Table 1 Inverse distance weighting process, result maps and cross validation results for the selected soil parameters. EC values showed the greatest variability of the different soil parameters analysed, with a 57.40% coefficient of variation. This finding was attributed to poor drainage conditions and high clay content, especially in the subsurface horizons, which restricted downward movement of water. The mean overall clay content was 61.83%, with clay content ranging from a minimum of 41.15% to a maximum of 84.42%. Table 2 shows descriptive statistics of selected soil properties using IDW method. Table 1 IDW was conducted with a minimum of 3 samples, a maximum of 24 samples and a maximum radius of 30 m. These parameters were chosen based on the size of the study area and the positions of sampling locations. Table 3 shows the weighted average values of the soil parameters among the increasing depth. All parameters values tended to increase with increasing soil depth.
Soil pH. Figure 3 shows the spatial distribution of soil pH values in the study area. In the first two soil horizon layers (0-30 and 30-60 cm), pH generally varied Table 1 between 8.2-8.5. In the third soil layer (60-90 cm) of the soil pH values generally varied between 8.2-8.8. In the last two soil horizon layers (90-120 and 120-150 cm), pH values in some places were as high as 8.8-9.3, especially in the northern section of the study area (Fig. 3) . But generally, the last two soil layers (90-120 and 120-150 cm) of the pH values had mostly variation range between 8.5 and 8.8. Soil analysis and interpolated values for pH showed good correlation, particularly for up to 60 cm, suggesting that IDW is an appropriate method for the estimation of soil pH as well as other soil properties. At soil depths of 90-120 and 120-150 cm, pH values tended to range between 8.5-8.8, although they were higher in the northern part of the study area, reaching 8.8-9.3. At depths closer to 120 cm, pH values tended to exceed 8.5 due to high groundwater levels and clay content, with the greatest problems found in the north. These results are in line with the findings for EC, exchangeable Na and ESP. Moreover, they indicate that the closed drainage network in the study area is inadequate, and that as a result, the water level has a tendency to rise above the root zone, particularly after precipitation and irrigation. Robinson and Metternicht (2005) compared the accuracy of ordinary kriging, lognormal ordinary kriging, IDW and splines for interpolating seasonally stable soil properties (pH, EC and organic matter). The researchers indicated that IDW interpolated subsoil pH with the greatest accuracy and ordinary kriging performed best for the topsoil pH in their experimental design. It was shown that IDW interpolated both topsoil and subsoil with the greatest accuracy in this research. Also Weber and Englund (1992) found that IDW produced better results than kriging.
Electrical conductivity (EC)
. EC values in the two soil layers (0-30 and 30-60 cm) ranged from 0.23-1.00 dS m -1 , whereas EC values in the last two soil layers (90-120 and 120-150 cm) generally ranged from 1-2 dS m -1 (Fig. 4) . The increase in EC values with increasing depth can be attributed to drainage problems and improper irrigation.
Figure 4. Soil layer mapping of estimated electrical conductivity (EC) values
Exchangeable sodium (Na). In general, exchangeable Na levels increased with increasing depth (Fig. 5) . According to obtained data, the critical depth of sodium is 30 cm for plant growth. This situation is critical in terms of soil remediation, especially in the root zone, and has implications for land use planning and management. The last two soil layers (90-120 and 120-150 cm) had very high exchangeable Na values especially in the northern section of the study area. 
Exchangeable sodium percentages (ESP).
ESP values increased with increases in soil layer depths, especially in the northern part of the study area (Fig.  6) . ESP variations were observed to parallel those of exchangeable Na. This suggests that rather than calculating cation exchange capacity (CEC) to determine ESP values, exchangeable Na can be used as a parameter in IDW. It is apparent that values of all soil parameters of pH, EC, ESP and exchangeable Na are mainly higher in the north part of the study area. This could be explained by decreasing of the drainage efficiency in drainage pipe regions 1, 2, 3 and 4. Although drainage system is under operation at the study area, drainage pipes and pattern of the research area must be controlled for soil management practices (Halliwell et al., 2001) . A new drainage pipe could be installed and designed in the study area for encountering drainage problem.
Figure 6. Soil layer mapping of estimated exchangeable sodium percentage (ESP) values
Cross validation was performed for all variables to determine the accuracy of IDW interpolation in a different depth in Table 4 . In general, the results of interpolation were compatible with those of soil analysis for EC, pH, exchangeable Na and ESP. Of the different parameters examined, EC had the highest mean error in 120-150 cm depth (9.010%), which was attributed to the variability of EC values obtained from laboratory analysis of soil samples. Exchangeable Na values had also high mean error especially 90-150 cm depth (8.963). Soil pH, mean errors ranging between 0.007-0.421%, had the lowest mean error values.
According to IDW soil layer maps and cross validation results, the subsurface drainage systems in the study area cannot control the watertable, limit salinization through capillary rise, and facilitate the leaching of salts. IDW interpolation is more effective when the values of points with similar depths are used in interpolation. In this study, ESP, exchangeable Na and EC values were generally low for shallow soil layer, with values increasing with increases in depth. For the first soil layer (0-30 cm), interpolated values were higher than measured values. This finding can be attributed to an increase in mean error caused by the excessive ESP in soil horizons beyond 30 cm. A similar situation was observed between measured and interpolated values for EC and exchangeable Na values. It is likely that IDW interpolation would have been more accurate if a greater number of sample points could have been used. The process of drainage efficiency determination. Results of the IDW data were used to evaluate drainage efficiency of the drainage pipes. Six drainage pipes were determined in the study area. The study area was divided into 6 subregions according to their effectiveness (Fig. 7) . Results of analysis of variance. There were significant interactions between regions × depths for independent variables such as exchangeable Na, ESP and pH. Accordingly, the Duncan test results are given in Tables 5, 6 and 7. Exchangeable Na and ESP values increased with increasing depth in all pipe regions, this rising was found significant (p < 0.001). Variable Na values for the pipe regions detected in the order of 2, 3, 1 and 4, respectively at a depth of 0-30 cm pointed out that these regions were more important than other pipe regions. Similarly, at a depth of 60-90 cm, the increase in the values for the regions in order of 1, 3 and 2 was higher compared to that for the other regions. The rise in variable Na values, especially for the 1 st pipe region at a depth of 120-150 cm, was higher than the rise in values for the other regions at the same depth (Table 5 ). In the investigation area, the condition of higher exchangeable Na values for the pipe regions 1, 2, 3 and 4 compared to the values for other regions is an indication of more severe drainage problem for these regions.
Similar situation can be indicated by the results of two-way ANOVA for ESP values as shown in Table  6 . When all the pipe regions are concerned, the increase in ESP values for the regions in order of 1, 2, 3 and 4 at depths more than 60 cm layer of soil with a p value lower than 0.001 was found to be more important. Explanations under Table 5 Overall, the data obtained from our study can be used for SSM, such as testing the performance of irrigation and drainage systems and evaluating land-use practices.
According to results of analysis of variance, there were non-significant interactions between regions × depths for independent variable electrical conductivity and it was found that the main factors were significant (Table 8) . Considering EC, the factors of pipe region and depth were found to be important statistically (p < 0.001). Duncan test results performed accordingly are presented in Table 8. The 6 th pipe region at a depth of 120-150 cm showed higher EC compared to other regions.
Conclusions
1. Factors that impact the relative performance of inverse distance weighting (IDW) such as minimum sample number, maximum sample number, maximum radius and size of the study area are important for sitespecific management (SSM). Some studies have found the performance of IDW to vary with changes in grid size (0.09 ≤ grid size ≤ 4.0 ha) (Hosseini et al., 1994; Weisz, 1995; Mueller et al., 2001 ). However, the most significant effect on IDW performance and accuracy is the proximity in location and depth of the known soil parameters such as exchangeable sodium percentages (ESP), exchangeable sodium (Na), pH and electrical conductivity (EC) values used in interpolation. Our study area is 4500 m 2 (150 × 30) and there was a good relationship between known soil parameters' (such as pH, EC, ESP, exchangeable Na) depth and interpolation results.
2. This study found the majority of data with low skewness values to provide the best results with a power of 2. In general, the exchangeable Na of the soil samples in this study was greatest at depths of 45-50 cm as a result of poor drainage and high clay content (approx. 45%). Measured and estimated values for other soil properties -pH, EC, ESP, and cation exchange capacity (CEC) -were also found to increase with increasing depth.
